Kirchhoff diffraction formulations that use the wave front and the aperture plane for the surfaces of integration were compared. The full Kirchhoff obliquity factor terms distinguishing these two formulations are presented for spherical waves and for Gaussian laser beams. When they are used, identical results are obtained for the two formulations in both the spherical-wave and the Gaussian laser-beam cases. The reason that this must be true for any diffracted wave is explained. Simplified versions of these obliquity factor terms are used to place two previous papers by this author [J. Opt. Soc. Am. A 6, 1196 (1989 ; 7, 47 (1990)] into the proper context. This in turn provides the basis for errata to these articles.
DISCUSSION
Two papers that presented diffraction formulations using the Huygens-Fresnel principle have been written. The first of these papers was for spherical waves,' and the second was for Gaussian laser beams. 2 The incident waves were diffracted by circular apertures. In each of these formulations an obliquity factor, which was a commonly used, slightly simplified form of the Kirchhoff obliquity factor, was added. As is shown below, this obliquity factor is in fact in the form appropriate for integration of the diffraction integral across the wave front incident upon and uniformly truncated by the aperture, rather than the form appropriate for integration of the diffraction integral across the diffracting aperture opening.
The appropriate wave-front diffraction integrals were presented in the above two papers. The formulations of these two papers were not, and were not intended to be,
Kirchhoff diffraction integral formulations, although
Huygens-Fresnel and the Kirchhoff formulations are related. The wave-front formulations introduced some corrections into the characteristic path-length Fresnelnumber equations because the new path-length Fresnelnumber equations of these two papers were based on Huygens's principle. On the basis of this principle, wave propagation proceeds from the source to the wave front, at and as truncated by the diffracting aperture, and then from the wave front, in the form of secondary sourcelets, to an observation plane where they interfere beyond the diffracting aperture. Previous path-length Fresnelnumber equations used the aperture plane, instead of the wave front, as the intermediate plane of propagation. Thus, in regions away from the aperture edge, the two approaches result in different optical path lengths from the source to the observation plane. Huygens's principle represents the best basic physical model of scalar-wave propagation, a model that now has been refined and placed on a more firm theoretical foundation by Miller. It has been pointed out that if the full Kirchhoff diffraction formulation were used it would not make any difference whether the aperture plane or the wave front were used as the surface of integration: the results would be the same. This is because the fundamental change in Kirchhoff's diffraction integral when the surface of integration is changed is that a different but equivalent set of Huygens secondary sourcelets is generated, compensating for the change in the integration surface location. Close inspection of the Green's-theorem application stage of the Kirchhoff diffraction integral derivation reveals that this must be true. 4 The full forms of the Kirchhoff aperture plane and the wave-front diffraction formulations have been implemented, and it was indeed found that they produce the same results for all the cases examined in Refs. 1 and 2. When the last set of comparative calculations was made, the full or unapproximated forms of the Kirchhoff obliquity factor had to be developed and used. The Kirchhoff obliquity factor terms, as used in simplified form in Refs. 1 and 2 and as developed for the full Kirchhoff diffraction formulations, are presented separately below for the spherical-wave and the Gaussianbeam cases.
Kirchhoff Diffraction Integrals for Spherical Waves
Given here are the changes to Ref. 1 that need to be made for converting the diffraction formulations to full Kirchhoff diffraction integrals. The Kirchhoff aperture-plane diffraction-integral formulation for an incident spherical wave is already well known; the full form of the obliquity (1) where cos 0' = -cos(h,R'), cos Oj,' = cos(h, R), where h is the unit vector inward normal to the surface of integration and R and R' are defined in Fig. 1 
which should be used in Eq. (3) 
by assuming that (a) k >> 1/R', which restricts the diffraction field from being calculated too close to the aperture, and (b) k >> lp, which places a lower limit on the size of the incident wave's radius of curvature.
Kirchhoff Diffraction Integrals for Paraxial Gaussian Beams
Given here are the changes to Ref. 2 that need to be made for converting the diffraction formulations to full Kirchhoff diffraction integrals. In this case the obliquity factor term is much more complicated than is typically realized and, to the best knowledge of this author, has not been presented elsewhere in the literature. The unsimplified obliquity factor equation for aperture-plane integration of the Kirchhoff diffraction integral for the case of a paraxial beam (which the reader can verify with a few pages of calculus and algebra) is
0(r,z,0') = -(1/47r)[(ik +
In Eq. 
where
and dr/dz is as defined in Eq. (21) 
SUMMARY
The original premise of this Communication was that, when one employs the Huygens-Fresnel principle and uses the Eq. (3) version of the Kirchhoff obliquity factor, the proper surface of integration is the wave front, as has been shown in the above equations. When the Kirchhoff diffraction integrals are used, along with the full obliquity factors as presented above, the aperture plane and the wave-front formulations do indeed yield the same results for the examples studied in Refs. 1 and 2. Therefore the errata to some of the statements of Refs. 1 and 2 are given below.
Errata:
Ref. 1 Sentences 6 and 7 of the opening paragraph should not have been included, and the entire last paragraph of the paper (before the Acknowledgments) is erroneous and should be discarded. In addition, the following typographical corrections need to be made to Ref. 
Ref. 2 The first sentence of the fifth paragraph of the Introduction should read "...using a simplified form of the Kirchhoff wave-front obliquity factor....." The second sentence of the Summary and Conclusions should read "...this formulation uses the Huygens-Fresnel diffraction integral with a simplified form of the Kirchhoff wavefront obliquity factor." In the last paragraph before the Acknowledgments, all the sentences except the first should be discarded since the discussion is erroneous.
In addition, Eq. (8) 
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Thus the corresponding coefficients in Table 3 /2R . This error in Eq. (8) has virtually no effect on the results of the original paper because of the small Fresnel numbers and relatively large apertures that were examined.
